Introduction
Asthma is a concerning chronic disease that disproportionately impacts low-income communities of color, especially African American communities (Akinbami et al., 2012; Aligne et al., 2000; Carr et al., 1992; Marder et al., 1992) . A wealth of literature has focused on the relationship between asthma and individual-and household-level factors such as socioeconomic status and indoor air quality, thus attributing poor respiratory health outcomes to individual behavior and living conditions (Gelber et al., 1993; Huss et al., 2001; Schwartz et al., 1990; Warner et al., 1996) . For example, research has emphasized the relationship between increased exposure to indoor allergens and asthma (Finkelstein et al., 2002; Gelber et al., 1993; Kanchongkittiphon et al., 2015; Pomés et al., 2016; Salo et al., 2008) . However, evidence suggests that aside from potential susceptibility genes, exposure to proximal and distal environmental factors (e.g., indoor and outdoor air pollution) may be associated with asthma prevalence among a range of ethnocultural groups (Holgate, 1999; Torgerson et al., 2011; Wiesch et al., 1999) . More specifically, indoor and outdoor air pollutants, as well as exposure to environmental tobacco smoke and pollen allergens, have been linked to disease inception and long-term severity and progression (Brunekreef, 2004; Holgate et al., 2007) .
More recently, research has explored the nexus of asthma and traffic-related air pollution (Clark et al., 2010) , with particular emphasis on negative respiratory and cardiovascular health impacts of diesel particulate matter (DPM) McEntee and OgnevaHimmelberger, 2008; Ristovski et al., 2012; Valavanidis et al., 2008) . considered viable public and private transportation solutions, yet 90% of primary particles emitted from diesel engines are less than 2.0 μm, which is less than the 2.5 μm size range of concern regarding National Ambient Air Quality Standards (Hodan and Bernard, 2017; Ristovski et al., 2012) . Furthermore, in the Southern California context, DPM accounts for over 70% of the concomitant air pollution cancer risk (South Coast Air Quality Management District, 2016) . This is particularly concerning from a public health disparities perspective, as lowincome communities of color tend to experience unequal proximal and distal exposure to DPM (Gonzalez et al., 2011; Houston et al., 2014 ; Los Angeles Collaborative for Environmental Health and Justice, 2010; McEntee and Ogneva-Himmelberger, 2008; Morello-Frosch et al., 2001; Morello-Frosch et al., 2002) .
Related research has also shifted to consider the nexus of greenspace (e.g., public parks and open space) and community health (Dadvand et al., 2014; Sbihi et al., 2015) . For example, current research suggests that public parks and open spaces (PPOS) are important behavior settings for promoting health and wellness activities in the urban context (Cohen et al., 2013; Douglas et al., 2018; Kaczynski et al., 2014; Wolch et al., 2014) . Furthermore, ecosystem services (e.g., health benefits derived from natural environments) associated with PPOS (e.g. urban trees) have been shown to mitigate air pollution, providing a medium for improving air quality and related respiratory health outcomes in urban communities experiencing high air pollution burdens (Cohen et al., 2014; Manes et al., 2016; Selmi et al., 2016; Yang et al., 2005) . Urban trees have been estimated to reduce acute respiratory symptoms by 670,000 cases annually in the U.S. . In the Los Angeles context, recent research estimates PM 2.5 removal by urban trees amounting to 0.13 g m −2 yr −1
, resulting in reduced morbidity and mortality, as well as decreased cost of illness associated with acute respiratory symptoms (Nowak et al., 2013) .
Ecosystem services such as these have promisingly been linked with improved health outcomes in low-income communities of color (Jennings et al., 2012; Mitchell and Popham, 2007) . However, it is important to note that socioeconomically disadvantaged communities often do not receive such benefits. For example, although extant research regarding disparities in residential proximity to PPOS remains inconclusive, Los Angeles' low-income communities of color experience marked inequities in public park acres and quality compared to more affluent White communities (García et al., 2016; Rigolon, 2016; Wolch et al., 2002) . From a public health perspective, this is particularly problematic given the potential protective benefits of PPOS, as well as higher asthma rates, in low-income and ethnocultural minority communities.
While the available literature posits the detriments of air pollution and potential benefits of PPOS in the context of community health, only limited research connects these seemingly related variables (Baró et al., 2014; Carlsten and Rider, 2017; Derkzen et al., 2015; Van Dillen et al., 2011) . One study explored associations between heavy traffic and child asthma, providing supportive evidence that greenspace may have a potential buffering effect against air pollution. However, the study used proxy indicators of air pollution via surveys of perceived traffic volume in Australia (Feng and Astell-Burt, 2017) . To date, no other study has objectively investigated the distributional impacts of exposure to DPM and access to PPOS concerning AEDV prevalence. We seek to address this gap by investigating the geographical relationship between AEDVs, DPM, and PPOS in Los Angeles County.
Study aims
The current study had two objectives: 1) identify potential geographic clustering of asthma emergency department visits (AEDV), diesel particulate matter (DPM), and acres of public parks and open space (PPOS) in Los Angeles County by applying geographic information systems (GIS) hotspot analysis, and 2) in case of significant clustering of these variables, conducting an ensuing GIS regression analysis to diagnose spatial associations between these variables, while adjusting for sensitive population indicators including poverty, children, and race/ethnicity. (Think Health LA, 2017) . Compounding this, several of LACs census tracts, particularly those in socioeconomically deprived areas, are home to some of the highest pollution burdens (e.g. DPM) and population sensitivities (e.g., children under the age of 10 and poverty) in the state of California (Houston et al., 2004) . It is critical to note that mobile sources of pollution (e.g. heavy-duty diesel trucks, off-road equipment, and ships and commercial boats), which are often geographically proximal to low-income communities of color, are the largest contributors to air pollution in Southern California (Houston et al., 2004) . Furthermore, Los Angeles communities with a high density of ethnocultural minorities have fewer acres of greenspace per 1000 people of the population-e.g., 0.6 acres for Latina/os and 1.7 acres for African Americans-compared to 31.8 acres in White communities (Wolch et al., 2002) .
Methods

Research context
Design
This study emerged to address a gap in the literature regarding the potential distributional impacts of health-promoting environmental resources, such as public parks and open space. As such, we examined associations between Asthma Emergency Department Visits (AEDV), Diesel Particulate Matter (DPM), and acres of public parks and open space (PPOS) across 2347 census tracts in LAC. Given the developing body of research identifying associations between air pollutants and AEDVs (Fan et al., 2016; Mar and Koenig, 2009; Norris et al., 1999; Sharma et al., 2016; Slaughter et al., 2005; Wang et al., 2010) , as well as availability of asthma data for Los Angeles County (OEHHA, 2016), we identified AEDV records as a viable indicator of asthma prevalence.
Data
This study employed the California Communities Environmental Health Screening Tool CalEnviroScreen 3.0 dataset, which classifies 20 indicators covering pollution burdens and population characteristics of California's approximately 8000 census tracts (OEHHA, 2016) . CalEnviroScreen 3.0, released in September 2016, was developed by the Office of Environmental Health Hazard Assessment (OEHHA), and uses a numerical score to indicate environmental, health, and socioeconomic information by census tract across the state. The included 2012 DPM data characterizes emissions and potential exposures where people live.
All data employed in the current study were located at the census tract unit of analysis, as regional or metropolitan scales potentially mask effects of community-level environmental indicators (Cagney and Browning, 2004) . The utilized data included (1) age adjusted AEDVs per 10,000 persons of the population for 2011-2013, which were calculated for ZIP Codes and reapportioned to census tract rates (CEHTP, 2014); (2) spatial distribution of gridded DPM for a summer day in July 2012 calculated via EMFAC2013 on-road emissions models and CEPAM emissions forecasting system for off-road emissions estimates, wherein weighted averages were allocated to census tracts (CARB, 2013) and subsequently min-max normalized; (3) 
Statistical analyses 2.4.1. Optimized hotspot analysis
The Optimized Hotspot Analysis (OHA) tool, using Getis-Ord Gi* statistic in ArcMap 10.2, was applied to analyze statistically significant hot and cold spots of AEDVs, DPM, and PPOS at the census tract unit of analysis. Thus, OHA provided a method for identifying spatial clustering of AEDVs, DPM, and PPOS across LAC's 2347 census tracts. A geospatial overlay of OHA maps was completed to visually compare geographic locations of AEDV, DPM, and PPOS hot and cold spots. The overlay was generated by combining the intersecting hot spot values of AEDV and DPM with inverse values of PPOS.
Ordinary least squares regression
We investigated associations across LAC census tracts by developing an ordinary least squares (OLS) regression model in ArcMap 10.2, with AEDVs as the dependent variable and DPM and PPOS as the main independent variables. The model also controlled for percentage of residents living two times below the federal poverty line, percentage of residents under the age of 10, and number of African American/Black, Latina/o, White, Asian, American Indian/Alaska Native, Native Hawaiian/Pacific Islander, and Other residents per square mile. This model uniformly summarized the relationships between variables across LAC. However, OLS models do not provide adequate explanatory power when spatial dependence is exhibited among variables, as OLS models are calculated for the total geographic area rather than individual census tracts, for example (Anselin, 2002) . Accordingly, Moran's Index revealed spatial dependence in the current model.
Geographic weighted regression
Spatial dependence was accounted for via ArcMap 10.2 geographically weighted regression (GWR), which extends linear regression models by accounting for spatial effect at the local scale for each geographic location in the data (Brunsdon et al., 1996; Fotheringham et al., 1998; Matthews and Yang, 2012) . With a large sample size, such as that included in the current study, GWR is advantageous because it is robust to remarkably high levels of multicollinearity and local coefficients that may display strong spatial autocorrelation (Oshan and Fotheringham, 2016) . Thus, GWR was utilized to apply our regression model to each census tract within LAC. Furthermore, GWR afforded exploration of regional variation among AEDVs, DPM, and PPOS.
Results
Geospatial distribution of asthma emergency department visits, diesel particulate matter, and public parks and open space
Hotspot analysis revealed statistically significant clustering of AEDVs, DPM, and PPOS in LAC when analyzed independently (Figs. 1-3 ). Visual inspection of these three discrete variables revealed several common hotspot locations between AEDVs and DPM, with PPOS coldspots overlapping these areas. An ensuing geospatial overlay of AEDV, DPM, and PPOS maps confirmed considerable overlap of elevated AEDVs and DPM located in areas with reduced PPOS (Fig. 4) . This analysis provided the impetus for proceeding with OLS regression analysis.
Associations between asthma emergency department visits, diesel particulate matter, and public parks and open space across Los Angeles County
The OLS AEDV model utilized DPM and PPOS as the primary predictor variables and percent of residents living two times below the federal poverty level, percent of residents under the age of 10, and number of African American/Black, Asian, Latina/o, White, American Indian/Alaska Native, Native Hawaiian/Pacific Islander, and Other residents per square mile as control variables (Table 1) . Model diagnostics revealed that there was no multicollinearity in the model, wherein all Variance Inflation Factors were less than 2.53. However, spatial autocorrelation was detected (Moran's I).
The final OLS AEDV model accounted for 43% of the total variance in LAC AEDVs, with DPM (p = .001), poverty (p = .05), residents under age 10 (p = .001), African American/Black (p = .001), American Indian and Alaska Native (AIAN) (p = .05), and Native Hawaiian and Pacific Islander (NHPI) (p = .001) significantly positively associating with AEDVs at the census tract level. In addition, acres of PPOS (p = .001), along with the White and Asian race/ethnicity variables (p = .001), were significantly negatively associated with AEDVs. The Latina/o and Other race/ethnicity categories did not reveal any significant associations (Table 2 ). As noted above, model residuals were spatially autocorrelated (Moran's Index = 0.08, Z = 57.80, p = .001). Thus, we proceeded with GWR to correct for spatial autocorrelation and explore regional variation of the significant DPM and PPOS relationships identified in the OLS model.
Geospatial dependence between asthma emergency department visits, diesel particulate matter, and public parks and open space across Los Angeles County census tracts
GWR estimates of the AEDV model yielded an adaptive bandwidth of 726 neighbors, an R 2 of 0.66, and an adjusted R 2 of 0.64, improving upon the OLS R 2 of 0.43. The GWR model also produced a reduced AICc value of 19,459 compared to the OLS model AICc value of 20,499. As such, the local GWR model, with smaller AICc, yielded more explanatory power than the global OLS model by accounting for regional variation. In addition, as local R 2 values ranged from 0.26 to 0.69, the GWR model predicted a range of AEDV instances in all census tracts (Fig. 5) . While the OLS model was significant across LAC, the GWR model revealed regional variation across census tracts, with DPM coefficients fluctuating from −256.06 to 82.10 and PPOS coefficients fluctuating from −39,737.40 to 4,357.92, illustrating negative to positive fluctuations in the study area. With respect to DPM, there were 669 census tracts that had negative associations with AEDVs, indicating that more DPM in these census tracts may have associated with reduced AEDVs in 28.5% of LACs census tracts. However, the majority of LACs census tracts (71.5%) experienced positive associations between DPM and AEDVs, indicating that more DPM associated with increased AEDVs. Furthermore, 483 census tracts (20.6%) exhibited positive associations between PPOS and AEDVs, indicating that more acres of PPOS may associate with increased AEDVs in these areas. Yet, the majority of LACs census tracts (79.4%) exhibited negative associations, wherein more PPOS was associated with AEDV reductions (Fig. 6) .
Discussion
The current study expanded research concerning the relationship between DPM and AEDVs by examining the extent to which PPOS may serve to mitigate AEDVs at the census tract unit of analysis. In agreement with the available literature, significant clustering of DPM and AEDVs revealed several hotspots, indicating a concerning spatial relationship between these variables McEntee and Ogneva-Himmelberger, 2008) . Furthermore, PPOS hotspot analysis and ensuing geospatial overlay of DPM and AEDV hotspots revealed PPOS disparities in census tracts that intersect those with DPM and AEDV hotspots.
The available literature also aligns with our results indicating that there are: 1) significant spatial associations between DPM and AEDVs, and 2) these associations tend to be stronger among ethnocultural minority communities, with significant AEDV escalations in African American, AIAN, and NHPI communities (Gonzalez et al., 2011; Houston et al., 2004 Cold Spot -90%
Cold Spot -95%
Cold Spot -99%
Fig. 2. Hotspot analysis of diesel particulate matter (DPM).
J.A. Douglas, et al. Preventive Medicine Reports 14 (2019) 100855 Health and Justice, 2010; Mar et al., 2010; McEntee and OgnevaHimmelberger, 2008; Morello-Frosch et al., 2001; Morello-Frosch et al., 2002; Ristovski et al., 2012; Valavanidis et al., 2008) . These findings suggest that ethnocultural minority communities, particularly African American, American Indian/Alaska Native, and Native Hawaiian/Pacific Islander communities, would benefit from 1) ongoing DPM and broader air quality monitoring at the census tract level, 2) DPM reduction programs that limit heavy-truck traffic in ethnocultural minority communities with high concentrations of AEDVs, and 3) local health clinics specializing in community asthma treatment and prevention. Promisingly, when controlling for poverty, children below the age of 10, and race/ethnicity, PPOS generally predicted AEDV reductions, confirming the potential public health benefits of PPOS. Therefore, public parks and open space in the LAC context may, in part, serve to mitigate poor asthma outcomes. This is the first study to identify AEDV reductions in census tracts where there are higher concentrations of PPOS. Thus, in addition to reducing DPM and improving access to public health clinics, community members living in census tracts with high concentrations of DPM and AEDVs may benefit from improved access to public parks and open space, as 79% of the census tracts in the current study revealed negative associations between AEDVs and PPOS. Thus, associated public health improvements concerning community asthma outcomes may be achieved by improving access to health- J.A. Douglas, et al. Preventive Medicine Reports 14 (2019) 100855 promoting ecosystem services that tend to improve air quality, such as features of the natural environment (e.g., treetop canopy cover) concomitant with PPOS (Baró et al., 2014; Carlsten and Rider, 2017; Derkzen et al., 2015; Van Dillen et al., 2011) .
Public parks and open spaces have been associated with a number of additional public health outcomes-e.g., reduced risk of obesity and heart disease, and improved mental health and wellbeing-providing an evidence-base for improving public health outcomes in at-risk communities (Cohen et al., 2013; Douglas et al., 2018; Kaczynski et al., 2014; Wolch et al., 2014) . Unfortunately, in the LAC context, ethnocultural minority communities are not receiving such benefits, as LAC's communities of color experience inequitable access to PPOS compared to predominantly affluent and White communities (García et al., 2016; Wolch et al., 2002) . Such evidence provides a grounded argument for improving access to PPOS in ethnocultural minority communities experiencing a range of poor health outcomes associated with built, natural, and social environments.
There are several limitations to the current study. First, this study may have benefitted from multilevel analyses accounting for additional contextual conditions-e.g., access to health clinics and additional resources-as well as community exposure to additional air pollutants, such as NOx and Ozone. Second, an analysis of tree top canopy cover may provide additional understandings about the potential for greenspace to mitigate poor respiratory health outcomes. Third, the available DPM data does not account for neighborhood and local-scale emissions dispersion. Fourth, we recognize that emergency department visits at the census tract unit of analysis may not fully characterize asthma burdens, as some residents receive preventive and emergency services outside of their immediate locales. Fifth, large portions of PPOS in the current analysis included national parks that may not directly benefit community health. Sixth, data employed in the current study, while close in years, did not overlap in all cases. Results may be strengthened with data collected within the same timeframe. Seventh, by using tractlevel census data, the current results assume resident proximal exposure to DPM, whereas prior studies indicate significance of distal exposure (Setton et al., 2011; Steinle et al., 2013) . Eighth, the current study relied on cross-sectional rather than longitudinal data. Finally, significance levels were included in the OLS model only, as GWR data were intended to provide visual mapping of localized spatial relationships.
Conclusions
Findings from this novel study indicate that, when controlling for poverty, children, and race/ethnicity, DPM and acres of PPOS are associated with AEDVs. This suggests that reducing exposure to DPM and increasing acres of PPOS may serve to improve asthma outcomes, particularly in ethnocultural minority communities. Thus, it will behoove future public health research to explore the promotion and preservation of PPOS as a means for redressing asthma, in part, and improving community health more broadly. As such, the specific built and natural environment characteristics of PPOS-e.g., tree top canopy, hedges, open fields, etc.-that potentially contribute to asthma reductions warrant further investigation. Furthermore, research taking a multilevel, contextual approach concerning community access to public parks and open space may reveal additional social and environmental conditions that may encourage or encumber access to health promoting built and natural environments.
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